Background The purpose of this study was to evaluate the impact of human epidermal growth factor receptor 2 (HER2) status and trastuzumab treatment on the prognosis of patients with advanced gastric cancer (AGC). Methods We retrospectively analyzed 364 AGC patients who received systemic chemotherapy. To evaluate the impact of trastuzumab exposure during any type of chemotherapy, our analysis used time-varying covariates to avoid a possible lead-time bias. Results Among the 364 patients, 58 (15.9 %) were HER2-positive. The median overall survival of the HER2-positive patients treated with trastuzumab (n = 43) was significantly longer than that of the HER2-negative patients [n = 306; 24.7 vs. 13.9 months, with an adjusted hazard ratio (HR) of 0.58; 95 % confidence interval (CI), 0.36-0.95; P = 0.03]. Notably, 22 patients continued with trastuzumab beyond the date of progression. By contrast, the HER2-positive patients not treated with trastuzumab (n = 15) showed survival similar to that of the HER2-negative patients (13.5 vs. 13.9 months, with an adjusted HR of 1.04; 95 % CI, 0.52-2.11; P = 0.91). According to the multivariate analysis, exposure to trastuzumab was independently associated with a better prognosis (HR 0.56; 95 % CI; 0.33-0.93; P = 0.026). Conclusions Recent HER2-positive AGC patients have a better prognosis than HER2-negative patients, particularly when treated with trastuzumab.
Introduction
Gastric cancer is the fourth most common malignancy in the world (988,602 cases in 2008, 7.8 % of the total cancer cases) and the second leading cause of cancer deaths (737,419 deaths, 9.7 % of the total) [1] . Although the most effective treatment for localized disease is surgery, approximately half of all patients with advancedstage disease experience a recurrence following a curative resection. The prognosis of patients with advanced or recurrent gastric cancer (AGC) remains poor, and commonly used combination chemotherapy regimens, consisting of a fluoropyrimidine plus a platinum agent with or without docetaxel or anthracyclines, lead to a median overall survival (OS) of only 1 year [2] [3] [4] [5] [6] [7] . Therefore, the development of novel anticancer agents or strategies for treating AGC is urgently required.
Human epidermal growth factor receptor 2 (HER2) is a growth factor receptor that is overexpressed in approximately 10-30 % of gastric cancers [8, 9] . The main function of HER2 is to mediate cell growth, differentiation, and survival [10, 11] . Therefore, HER2-positive tumors are expected to have more aggressive characteristics than HER2-negative tumors. Numerous studies have shown that HER2-positive breast cancer is associated with a poor prognosis when compared with HER2-negative breast cancer [11, 12] . Similarly, the prognostic value of HER2 status in gastric cancer has been evaluated in a number of reports. Although recent studies of gastric cancer have shown no impact of HER2 on survival [13, 14] , the majority of the past studies have suggested that HER2-positive gastric cancer was associated with a poorer prognosis than HER2-negative gastric cancer [9, 15, 16] .
Trastuzumab, a humanized monoclonal antibody that targets HER2, has recently been shown to improve the prognosis of HER2-positive AGC [17] . Combination chemotherapy consisting of 5-fluorouracil (5-FU) or capecitabine plus cisplatin with trastuzumab has shown a significantly higher response rate (47 vs. 35 %, P = 0.0017), a longer progression-free survival [PFS; 6.7 vs. 5.5 months; hazard ratio (HR) = 0.71, 95 % confidence interval (CI) 0.59-0.86], and a longer OS (13.8 vs. 11.1 months; HR = 0.74, 95 % CI 0.60-0.91) than chemotherapy alone [17] . This difference was more prominent in patients with immunohistochemical staining (IHC) of 3 ? (IHC 3 ?) or IHC 2 ? plus positive gene amplification according to fluorescence in situ hybridization (FISH) (16.0 vs. 11.8 months; HR = 0.65, 95 % CI 0.51-0.83). The risk reduction achieved with trastuzumab is almost comparable to that found in a pivotal study of breast cancer [18] . According to these results, chemotherapy with trastuzumab is considered to be standard chemotherapy for HER2-positive AGC. However, the question of whether trastuzumab improves the prognosis of HER2-positive AGC patients to the levels observed in HER2-negative disease still remains. HER2-positive breast cancer patients who receive trastuzumab have been reported to have a better prognosis (HR of 0.56) than women with HER2-negative breast cancer [19] .
The purpose of this study was to evaluate the impact of HER2 status and trastuzumab treatment on the prognosis of patients with AGC. We evaluated the impact of trastuzumab on OS using a time-varying covariate (TVC) analysis.
Patients and methods

Patients
This retrospective study was designed to compare the OS of HER2-positive and HER2-negative AGC patients who received systemic chemotherapy. In this analysis, HER2 positivity was defined as IHC 3 ? or IHC 2 ? plus FISH positivity, because these criteria were considered to be indications for using trastuzumab by a subset analysis of the ToGA trial [17, 20] . The following additional principal inclusion criteria were used: the presence of histologically proven, inoperable gastric cancer in patients who had received systemic chemotherapy; an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0-2; and sufficient bone marrow, liver, and renal function.
Between April 2005 and August 2011, 807 consecutive patients with AGC received systemic chemotherapy at our institution, 650 of whom met the inclusion criteria. Among those 650 patients, 364 patients were evaluated for HER2 to screen them for the ToGA study or for trastuzumab treatment, and these 364 patients were analyzed in this study. Although trastuzumab had not yet been approved in Japan at the time of our study, using trastuzumab for HER2-positive patients was approved by our institution based on the results of the ToGA study. We note that fluoropyrimidine (5-FU or the oral fluoropyrimidine S-1), cisplatin, docetaxel, and paclitaxel were approved for use and were consistently available throughout this period. Written informed consent for the chemotherapy was obtained from all of the patients.
Statistical analysis
We compared the OS according to HER2 status and trastuzumab exposure by dividing the patients into three groups (HER2-negative vs. HER2-positive treated with trastuzumab vs. HER2-positive treated without trastuzumab). The OS was estimated from the date of systemic chemotherapy initiation to the date of death or last known date of survival. The vital status and disease status were confirmed by checking the medical records from the date of the last follow-up visit. In the cases that were lost to follow up, the vital status was confirmed by the census record, which is conducted annually at our institution. The median OS rate was estimated by the Kaplan-Meier method. The baseline patient characteristics and exposure to each class of chemotherapeutic agent, fluoropyrimidine (5-FU or oral fluoropyrimidine), platinum agents (cisplatin or oxaliplatin), taxanes (docetaxel or paclitaxel), and irinotecan and trastuzumab, were evaluated. Because other agents (mitomycin C or methotrexate) were also commonly used as salvage therapy at our institution, we also evaluated exposure to these treatments. The disease progression associated with each line of chemotherapy was measured from the beginning of treatment to the date of disease progression, as evaluated by the attending physician.
The differences in the OS of each group were evaluated by univariate and multivariate analyses using a Cox proportional hazards model and presented as an HR and a 95 % CI. A subset analysis was stratified by the characteristics of the patients with significant differences in the three groups. We also evaluated the association between the exposure to each class of chemotherapeutic agent and the OS using multivariate analyses, because differences in exposure to agents other than trastuzumab may have contributed to survival differences. Because the length of exposure to each agent class varied over time (i.e., between first-, second-, and third-line treatments), the analyses may have been compromised by lead-time bias, which would result in false-positive or false-negative associations between a larger number of chemotherapeutic lines and longer survival. To minimize this potential bias, the exposure to each agent class was analyzed as a TVC. In addition, because disease progression was the primary reason for proceeding to the next line of chemotherapy, tumor progression during each line of chemotherapy was included in the TVCs. Each TVC was constructed as a step function initially set at 0 and increased by 1 U each time the corresponding event was observed. This method has been used in several reports that have evaluated the impact of drug exposure on survival [21] [22] [23] .
Other variables considered in the multivariate analyses were ECOG PS (0 vs. C1), gender, histological type (diffuse vs. intestinal), age (\ 65 vs. C65 years), previous gastrectomy (no vs. yes), disease status (advanced vs. recurrent), prior adjuvant chemotherapy (no vs. yes), presence of liver metastasis (no vs. yes), presence of peritoneal metastasis (no vs. yes), number of metastatic sites (1 vs. C2), and first-line chemotherapy (monotherapy vs. combinations). The P values for testing differences in the baseline characteristics of each group were calculated with the v 2 test for homogeneity or trend or with Fisher's exact test.
The statistical analyses were performed using STATA ver. 10 (Stata Corp LP, College Station, TX, USA). All of the tests were two-sided, and P values less than 0.05 were considered to be statistically significant.
Results
Patient characteristics
The patient characteristics according to HER2 status and trastuzumab use are shown in Table 1 . Among the HER2-evaluated patients, 58 (15.9 %) were HER2-positive. HER2-positivity was more frequently associated with intestinal-type histology, liver metastasis, and lymph node metastasis. By contrast, peritoneal metastasis was more common in the HER2-negative patients than in the HER2-positive patients (Table 1) . Among the HER2-positive patients, 43 received trastuzumab; 23 patients started it as first-line therapy (9 of these patients were included in the ToGA study) and 20 started it as second-or further-line therapy. Among the patients who were treated with trastuzumab who were not in the ToGA study, 22 patients continued with trastuzumab beyond the date of progression. The median duration of trastuzumab treatment in the 43 patients receiving this agent was 8.4 months (range 0.5 to 25 ?), and 28 patients were still continuing with trastuzumab treatment at the time of this analysis. The frequency of exposure to platinum agents tended to be higher in HER2-positive disease, although no other significant differences were observed between the 3 groups (Table 1) .
Survival and multivariate analysis
The median follow up at the time of the analysis was 38.9 months. The median OS of the HER2-positive patients (n = 58; 24.1 months; 95 % CI, 14.9-31.1 months) was significantly longer than that of the HER2-negative patients (n = 304; 13.9 months; 95 % CI, 12.7-16.1 months) by univariate analysis (HR 0.68; 95 % CI, 0.46-0.99; P = 0.045), although the difference was not significant in the multivariate analysis (HR 0.67; 95 % CI, 0.44-1.02; P = 0.067). The median OS of the HER2-positive patients treated with trastuzumab (n = 43; 24.7 months; 95 % CI, 15.6-35.1 months) was significantly longer than that of the HER2-negative patients (13.9 months), as verified by univariate analysis (HR 0.57; 95 % CI, 0.36-0.90; P = 0.015, Fig. 1 ) and multivariate analysis (adjusted HR of 0.58; 95 % CI, 0.36-0.95; P = 0.03. By contrast, the HER2-positive patients not treated with trastuzumab (n = 15) showed survival similar to that of the HER2-negative patients (13.5 months; 95 % CI, 3.6 to not reached), as demonstrated by univariate analysis (HR 1.11; 95 % CI, 0.58-2.08; P = 0.76) and multivariate analysis (HR 1.04; 95 % CI, 0.52-2.11; P = 0.91). The subset analysis according to the characteristics of selected patients demonstrated consistently higher rates of survival among HER2-positive patients treated with trastuzumab than among HER2-negative patients, with no significant heterogeneity ( Table 2) .
According to the multivariate TVC analysis, exposure to trastuzumab was independently associated with an improved prognosis (HR 0.56, 95 % CI, 0.33-0.93; P = 0.026, Table 3 ). Additionally, exposure to fluoropyrimidine, taxanes, and irinotecan was associated with a better prognosis, and exposure to platinum agents was HER2 status and trastuzumab in AGC 263 associated with improved survival, although the significance was borderline. By contrast, the other agents had no impact on survival.
Discussion
In this study, we compared the OS in AGC patients according to HER2 status and exposure to trastuzumab. The OS of the HER2-positive patients who were treated with trastuzumab was significantly longer than that of the HER2-negative patients, with an adjusted HR of 0.58. This result is similar to those observed in a large study of patients with breast cancer in which a similar degree of risk reduction was found [18] . In addition, the multivariate TVC analysis in our study showed that trastuzumab had a significant impact on OS. These results confirmed that trastuzumab therapy improves the prognosis of HER2-positive AGC patients beyond that of patients with HER2-negative AGC. In this study, the HER2-positive patients not treated with trastuzumab showed survival rates similar to those of the HER2-negative patients. By contrast, the majority of previous studies have found poorer survival among patients with HER2-positive gastric cancer than among patients with HER2-negative tumors [9, 15, 16] . Most of these studies have been based on retrospective analyses in a single institution that combined patients with advancedstage cancer and those with resected gastric cancer. Additionally, until the ToGA study, various definitions were used to evaluate HER2 status. Recently, Janjigian et al. [14] reported the results of a retrospective analysis of HER2 status among 381 patients who had enrolled in several clinical AGC studies. The HER2-positive patients (IHC 3 ? or FISH ?; n = 78) tended to have a better prognosis than the HER2-negative patients (13.9 vs. 11.4 months), although a multivariate analysis showed no impact of HER2 status on survival [14] . Additionally, an exploratory analysis of HER2 status in the AVAGAST study showed similar median OS in the HER2-negative and HER2-positive patients (10.5 vs. 9.8 months) who received capecitabine or 5-FU plus cisplatin [24] . Combined with our results, these findings suggest that HER2 status may have a small impact on survival in AGC. In addition, recent data from a large randomized study of resected gastric cancer found that HER2 status was not associated with the OS or with relapse-free survival in either the group who received surgery only or the group who also received adjuvant chemotherapy [13] . Interestingly, the risk reduction or median survival with trastuzumab treatment in our analysis was relatively better than the results of a subset analysis among those patients with IHC 3 ? or IHC2 ? plus FISH ? in the ToGA study [17] . Several possibilities may explain this difference. First, the median exposure to trastuzumab in the ToGA study was reported to be 4.9 months [17] . Although the reasons for discontinuing the treatment were not reported in detail, continuing with trastuzumab beyond progression was not allowed in the ToGA study. By contrast, the median duration of exposure to trastuzumab in our study was longer (8.4 months) . A number of patients who were treated outside of the ToGA study continued with trastuzumab beyond progression because this strategy has been found to contribute to improved treatment outcomes in randomized studies of breast cancer patients [25, 26] . A prospective study that evaluates the importance of trastuzumab beyond progression is warranted, as is further evaluation of AGC patients in a randomized study. Second, owing to the retrospective nature of the present study, unblinded bias may have overestimated the treatment effect. Regardless, our results reconfirmed the results of the ToGA study, which demonstrated that a new effective agent with the right target improved the prognosis of gastric cancer. Additionally, other agents targeting HER2 (such as lapatinib, which has already been shown to be effective in HER2-positive breast cancer) are under investigation in AGC, and the results are awaited.
It is important to note the methodological limitations of the present study. First, not all of the patients in this study period were evaluated for their HER2 status. Thus, the analysis may have been subject to some selection bias, although no significant differences other than PS were observed between the patients in the analysis and the patients not evaluated for HER2 status during the same period (data not shown). The median OS of the patients not evaluated for HER2 was 13.0 months, which was similar to that of the HER2-negative patients or HER2-positive patients not treated with trastuzumab in this analysis. Second, the study was a retrospective, non-randomized comparison of trastuzumab treatment in patients evaluated for HER2 status. Therefore, the differing characteristics of the patients and the differing treatments (other than with trastuzumab) in each group may have affected the results. Because the use of trastuzumab and the exposure to platinum agents differed between the groups, we used the TVC analysis to adjust the exposure to agents and comprehensively evaluate the impact of each agent class, regardless of the treatment line. However, TVC analysis is not necessarily adequate under the conditions of our study because its validity may depend on the assumption of a strong association between treatment selection at the time of the events and the history leading up to the events [27] . Other potential confounders, such as PS and the metastatic site, were also considered in the multivariate analyses; owing to the retrospective, non-randomized nature of the study, however, residual confounding effects caused by non-included factors cannot be completely ruled out. Nevertheless, because our survival results for the HER2-negative patients and the HER2-positive patients not treated with trastuzumab were quite similar to those of the ToGA trial and the results of other randomized controlled trials, the effect of this selection bias may have been small. Third, the small sample size and singlecenter population are other major limitations of this study.
In conclusion, we found that introducing trastuzumab improved the prognosis of HER2-positive AGC patients beyond that of HER2-negative patients. Because other targeted therapies are currently under study, more improvement in the prognosis of HER2-positive AGC patients is expected. Importantly, because HER2-positive patients are a minority of AGC patients (with a prevalence of less than 20 %), further investigation of other key AGC markers is warranted. 
